109A g N M R -S tu d y o f th e S e le c tiv e S o lv a tio n o f th e A g + I o n in S o lv e n t M ix tu r e s o f W a te r a n d th e O r g a n ic S o lv e n ts : P y rid in e , A c e to n itrile , a n d D im e th y l S u lf o x id e L. Guinand. K. L. Hobt. E. Mittermaier, E. Rößler. and A. Schwenk Physikalisches Institut der Universität Tübingen H. Schneider Max-Planck-Institut für Biophysikalische Chemie, Göttingen Z. Naturforsch. 39 a, 83 -94 (1984); received October 8,1983 In mixtures of water (W) and one of the organic solvents pyridine, acetonitrile, and dimethyl sulfoxide (O), the silver ion forms the following solvate complexes: AgW2, AgWO, and Ag02. The chemical shift of 109Ag is strongly affected by the ligating solvent molecules, and replacing the ligand W by one of the three organic ligands yields a higher Larmor frequency. In solvent mixtures, only a single resonance line has been observed because of rapid chemical exchange. The measured chemical shifts in the range up to 400 ppm are mean values of the chemical shifts of the different solvate species in a given mixture, weighted with their relative concentrations.
Introduction
Only for small and highly charged metal ions the number of solvent molecules in the primary solva tion shell has been determined from nuclear mag netic resonance measurements. When the exchange of solvent molecules between primary solvation shell and bulk solvent is sufficiently slow, the cor responding solvent resonance frequencies have been observed separately. In mixed solvents, the NMR spectrum shows simultaneously signals of bulk and bound molecules of each solvent component, and sometimes it is possible to differentiate between ionic solvation shells of different composition. However, for univalent ions in pure or mixed polar solvents, this differentiation is impossible even when suitable paramagnetic ions are added in order to enlarge the chemical shift between bulk and bound solvent signals or when the samples are cooled down to low temperatures. Nevertheless, it is reasonable to assume that also these ions possess a Reprint requests to Dr. A. Schwenk. Physikalisches Institut der Universität Tübingen. Morgenstelle 14. D-7400 Tübin gen. distinct primary solvation shell and that the solvent exchange between ionic solvation shell and bulk solvent is too fast for separate resonance lines to appear in the NMR spectrum of either the ligand molecules or the ionic entity itself. Then the measured chemical shift is a weighted average and its variation with solvent composition results from a series of competitive solvation equilibria [ 1. 2] , Nuclear magnetic resonance investigations of the solvate complexes of the silver ion in mixed solvents by 109Ag NMR studies give essentially more in formation than NMR investigations of the ligand protons, as the variation in the chemical shift of the silver ion is by more than two orders of magnitude larger than that of protons [3], However, consider able experimental difficulties are involved in silver NMR studies: Both silver isotopes, 107Ag and 109Ag, have the spin 7= 1/2 and high natural abundances (51.3% and 48.7%, respectively), but very low mag netic moments. Therefore, at a given magnetic field Bo, their NMR receptivities with respect to that of the proton are 3 .4 x l0 -5 and 4.9 x 1(T5, respectively. The isotope 109Ag was chosen for the present investigation because of its slightly higher 0340-4811 / 84 / 0100-0083 $ 01.3 0/0. -Please order a reprint rather than making your own copy. receptivity. Besides of the low receptivity, addi tional difficulty in 109Ag NMR measurements arises from the fact that this nucleus has an extremely long relaxation time. For example this is demonstrated by the 109Ag relaxation times for a 1 molal aqueous AgNCh solution of F, * 1000 s and F2 * 150 s [4] . Since the silver ions have spin 1/2 nuclei and their magnetic interactions with the surroundings are small, the widths of the recorded NMR lines are governed by the inhomogeneity of the magnetic field Bo (described by a decay time constant T*). This results in an enormous loss of NMR signal amplitude using cw-technique or pulse technique, which starts from the thermal equilibrium before each RF-pulse. Because of this, until now only samples with silver salt concentration of 1 M (doped with paramagnetic substances) or higher concentration have been investigated with conven tional techniques [5] [6] [7] [8] [9] [10] . The loss in intensity of the NMR signal due to inhomogeneity of B0 can be completely avoided without addition of a para magnetic substance by using a steady-state tech nique. e.g. the Quadriga-Fourier-Transform tech nique [11] . It has been shown recently [12] that the signal to noise ratio in experiments using this technique can be improved by a factor (F2/F * )I/: over the results from usual pulse-FT experiments which start from the (approximate) thermal equilibrium before each RF-pulse. In the case of relatively large samples, i.e. a short T\ value, which is ~ 30 ms in the field of our magnet, the signals are improved by a factor (F2/F * ),/2 of 50 to 100. This gain in sensitivity enables the investigation of samples of relatively low Ag concentration (0.05 m or less) in a comparatively short measuring time (^12h). Therefore it is now possible to study quantitatively the preferential solvation of silver ions in mixed aqueous solvents from 109Ag experi ments. and to determine the formation constants K, with /'= 1.2....../! m the solvation equilibria AgW"+1_,0,_i + O % AgW"_,0, + W .
(
The charge of the solvates has been omitted in equations on grounds of simplification. In several studies using different experimental methods it was shown that the coordination number of Ag+ is probably n = 2 in water, acetonitrile. and pyridine [13] . This result is supported by investiga tions of the preferential solvation of Ag+ in mixed solvents, which show that in the linear complex formed between Ag+ and two ligating molecules, the bonds are much stronger than the interaction of Ag+ with additional molecules.
In the present investigation, the chemical shift of l09Ag+ in aqueous solutions of dipolar aprotic solvents O (= acetonitrile -AN. pyridine -Py and dimethyl sulfoxide -DMSO) has been determined as a function of solvent mole fraction and salt concentration. An attempt is made to explain these experimental shifts by such a competitive solvation equilibrium model on the basis of the coordination number n = 2 (the model on the basis n = 1 is included with K2 = 0). The success or the failure of this model in explaining the experimental results will support or contradict the assumption n = 2.
Since there is a rapid chemical exchange between at most three silver solvate complexes in a given binary solvent mixture, the l09Ag NMR spectrum consists of one line, in which the chemical shift is the mean value of the chemical shifts < 5, of the complexes AgW2_,0, (/ = 0,1,2), weighted with the concentrations of the complexes. From a suffi ciently large set of measured chemical shifts of samples with different solvent composition and with different silver salt concentrations, formation con stants A', and K2 (1) and also the individual chemical shifts < 5, have been determined using a Gaussian least squares fitting routine.
Experimental
The silver isotope l09Ag has a relatively small magnetic moment // = -0.129 961 5 (10) //N [ 14] and a Larmor frequency vL (109Ag) ^ 4.190 MHz in the field of our apparatus. B() = 2.114 T (corresponding to 90 MHz proton Larmor frequency). On the assumption that the longitudinal and transverse relaxation times are equal, F, = T2 (a condition, which was never fulfilled for any Ag+ sample under investigation), the 109Ag NMR signal of a 1 molar sample of an Ag+ salt should be about 7 orders of magnitude weaker than the proton NMR signal of water in the same magnetic field B0 and with the same probe volume. In general, beyond it, the intensity of the NMR signal is reduced by the factor (F2/F|)"1/2.
.All 109Ag NMR measurements were performed with a pulse spectrometer described in [15] . This apparatus was developed for investigations of very weak NMR signals in the frequency range 1 to 4.5 MHz. The magnetic field B0 was produced by a Bruker B-E 45 electromagnet, externally stabilized by the Bruker NMR stabilizer B-SN 15. The spatial homogeneity of j ß 0 = 10~6t in the range of the relatively large sample (20 mm internal diameter and 40 mm filling height) was achieved by 12-gradient electric shims. The temperature of the samples was stabilized to (300 ± 1) K by a thermostat.
The NMR signal between the RF-pulses was accumulated in a time-averaging computer (Signal Analyzer 5480 A of Hewlett-Packard) to improve the signal/noise-ratio. 
where vL is the Larmor frequency and F the pulse period. By this technique, the NMR line is broad ened to a halfwidth Avw2 = 0.6/F by saturation. This linewidth is independent of the magnetic field Bq and its inhomogeneity as well as of the natural linewidth. if F is chosen such that F < T * , F2, T\. In this case any loss of NMR signal ampli tude due to the inhomogeneity of B0 can be avoided, without adding paramagnetic substances to the sample. For the present investigations, a pulse repetition rate (1/F) = 83 Hz was used; the resulting halfwidth of the NMR line is 50 Hz. The measuring times were from 6 min for the reference sample to 12 h for the samples with the lowest Ag+ concentrations (0.05 molal). To deter mine the chemical shifts, the sample replacement technique was used. The uncertainties of the mea sured chemical shifts (standard deviation) are in the range of ± 2 ppm for the lowest Ag+ concentrations (0.05 molal) to ± 0.7 ppm for the highest Ag+ con centrations (0.15 molal).
Samples
All samples were contained in cylinders of 20 mm internal diameter. 
7,, 7,_i are activity coefficients for the solvated species, which tend towards unity with decreasing electrolyte concentration in a given solvent mixture. Their ratio is equal to unity within the range of the Debye-Hückel theory including extended equations. yf, yf-1 are medium activity coefficients for the differently solvated ionic species which tend to unity in pure water. The medium activity coeffi cient of an ionic species in a given solvent mixture or pure organic solvent is related to its free energy of transfer from water to that medium through AG?t = 2.30 R T log 7* . 7W, 7o are the solvent activity coefficients which are unity when the corresponding mole fraction is equal to one. Ratios of solvent activity coefficients. 7w/"/o» were calculated from data in the literature [17. 18, 19, 21] and intermediate values were interpolated from three neighbouring points, using a quadratic Newtonian polynomial [20] . The results are given in Table 1 , of AgN03 solutions in a) mixtures of water and pyridine, b) mixtures of water and acetonitrile, c) mixtures of water and dimethylsulfoxide. The experimental results marked by • were used for the Gaussian fitting routine; results marked by ▲ were not used. The uncertainties of the measured shifts are in the range from ±0.7 ppm to + 2 ppm (standard deviation), depending on the Ag con centration. The chemical shifts were calculated using the mass action law (5) with solvent activities as well as with concentrations. In general, the results are the same, except for the system W-AN, which shows discrepancies in that range of A^n, in which the experimental results were not used for the Gaussian Fit (the dashed curve is calculated with concentrations). However, such an extrapolation of the measured shifts to zero concentration of AgN03 (wAg -► 0) is difficult to perform in the case of a strongly selective solvation of the Ag+ ion. If the concen tration of the dipolar aprotic solvent component and of AgN03 are of similar magnitude, a change in silver salt concentration at constant mole fraction will lead to changes in the distribution of the species AgW2, AgWO, and A g02 and therefore to a complicated dependence of the chemical shift on salt concentration. This is demonstrated in Fig. 3 : For solvent mixture of W and Py, the measured and corrected shifts < 3 are plotted versus the silver con centration wAg for some mole fractions XPy. The drawn curves are the chemical shifts calculated with the aid of the evaluated formation constants Kj and the shifts Ö, of the individual species. It is easily seen that an extrapolation of the measured shifts towards vanishing silver concentration would lead to incorrect results. For the solvent mixture W -AN such an extrapolation is impossible in the same way. whereas for the solvent mixture W -DM SO, such an extrapolation is possible within the limits of error of the experimental results.
As it is impossible to determine the chemical shifts S(Xo,m Ag~*0) of the Ag+ ion in solvent mixtures for vanishing silver concentration, the shifts must be calculated for arbitrary silver concentrations. In addition to (5), with y,-= y,_i, the following mass balance equation
must be fulfilled, whereas for low silver concentra tions (mAg<^fl!W + mo) and X0 ^ 0.8 the following approximation can be made
The problem is now to evaluate the four unknown concentrations This is achieved by calculating the roots of a cubic polynomial, and therefore (somewhat extensive) analytical expressions may be given for these quantities.
Since the medium activity coefficients for the solvated silver ion species are unknown, the experi mental data have been treated in two different ways: First, the ratio of medium activity coefficients in (5) was taken to be one y f/y r i = l (/= 1 ,2 )
otherwise it was assumed, that the ratio of the medium activity coefficients in (5) The four unkown quantities K\, K2, <5i, and < 52 in this calculation may be determined from a suf ficiently large set of measured chemical shifts <5FY0. wAg) with the aid of a Gaussian least squares fitting routine (see e.g. [20] ). Only those chemical shifts (5(^0. /"Ag) were used for the Gaussian fit. which had a low Ag+ concentration: mA$/(m0 + mw) < 1% , so that simplification (7) is justified. For each sample the ratio i = [0]//»Ag was calculated, i.e. the ratio of bulk organic solvent molecules per silver ion. The Gaussian fit procedure was started with a set of about 10 chemical shifts S{X0 ,m A & ) having the least values of i, then the set was extended to results with increasing a, as long as the standard deviation between the experimental shifts and the chemical shifts calculated with the aid of Eqs. (4-7) and the optimum fit parameters Ki, A2, <5|, and c)2 was less than the experimental uncertainty. For the solvents Py and AN, a rapid increase of this standard deviation has been detected, if the set of experimental results <5(^0, wAg) used for the Gaussian fit, was extended to samples with i > 1.7 or y. > 0.8, respectively, whereas the chemical shifts Ö of all samples with aqueous DMSO, except those with A,DMSo = 1, which were not stable (a small amount of brown precipitate dropped out), could be used for the Gaussian fit.
The results of these Gaussian fits for the organic solvents Py, AN, and DMSO are given in Table 1 , calculated on the basis of activities (assumption (8)) as well as on the basis of concentrations (assump tion (9)). Using the same set of experimental results 6, the standard deviation between the mea sured and the calculated shifts is nearly the same under both assumptions. For the organic solvents AN and especially Py, it is not surprising, from a mathematical point of view, that a Gaussian fit is possible using either the activities of the solvents or their concentrations, since the ratio of the activity coefficients >'o/}'w is used only in a small interval of Ao, in which the ratio may be assumed to be constant. Comparing the two results for the water -DMSO solvent mixtures from Table 1 , the fit based on concentrations yields < S j > < 52 > < 50 = 0, whereas the fit based on activities yields the chemical shifts < 52 > < 5i > < 5o = 0, in agreement with all other results.
The results in Table 1 prove a highly selective solvation for all organic solvents under investiga tion: The theoretical shifts, calculated with the aid of the results of Table 1 Table 1 . Drawn curves were calculated with solvent activities and the dashed curve with solvent con centrations. In the system water -Py (a) both calculations yield the same result. Agreement between experimental shifts and results of calculation is only achieved for suffi ciently low mole fractions X0. The discrepancies for higher A'q are due to a higher solvation sphere in addition to the solvate complexes AgW:_(0, (/ = 0. 1. 2).
those samples with y. ^ 1.7 and r ^ 0.8. respectively (marked by dots in Figs. 1 a and 1 b) are in agree ment with the theoretical curves. At higher values of 2. the experimental chemical shifts (triangles in Figs, la and lb) deviate obviously from the calcu lated curves even at these low concentrations of AgNOv The discrepancy between experiment and calculation in the two solvent systems is by no means negligible and its magnitude is demonstrated for 1 molal AgN03 solutions in Figs. 5a and 5b.
The decrease of (}'an//'w) towards XAn = 1 is the reason why the theoretical curve in Fig. 5 b. calcu lated with solvent activities, increases steeply near pure AN. This effect is all the larger the higher the concentration of AgN03 is. The fact, that the 109Ag Larmor frequency of the complexes Ag(Py)2 and Ag(AN)2 is shifted addi tionally towards higher values, if there is more than 1 free organic molecule per Ag+ ion available, shows the existence of a higher (secondary) solva tion in addition to the coordination with the coordination number 2, because the 109Ag chemical shift may be influenced also by solvent molecules not belonging to the two of the silver solvate complex. However, the 109Ag+ NMR data in the water -DMSO system give no indication for the existence of a higher solvation sheath.
Discussion
It has been shown recently that also solvation of an univalent ion in mixed solvents can be treated in terms of coordination, when one solvent component solvates the ion more strongly than the other [21, 22] . Since the silver ion interacts quite strongly with Lewis base molecules and even partly covalent [23, 24] with nitrogen atoms in polar molecules, the solvation of Ag+ has been long investigated by different experimental methods. So the sensitive and uncomplicated handling of the silver metal/ silver ion electrode made it possible to study the stepwise resolvation reactions of Ag+ in solvent mixtures by Potentiometrie measurements. Espe cially the solvation of Ag+ by acetonitrile has been investigated extensively and, using experimental methods from all sections of physical chemistry, the results indicate equivocally that the interaction of Ag+ with acetonitrile is much more pronounced than with water. Therefore the solvation of Ag+ in mixtures of water and acetonitrile shall be treated first together with remarks and discussions which may also concern the corresponding aqueous Ag+ solutions with pyridine and DMSO.
The strength of interaction between Ag+ and AN has been detected by Raman, IR and NMR spec troscopic methods [25, 26, 27] by conductance and transference numbers [28] and recently by ESR measurements at low temperatures [29] and the 1:1 and 1:2 complexes of Ag+ with AN have been isolated by the cooling of concentrated solutions [30] . The stabilities of Ag(AN)+ and Ag(AN)T in water have been presented by Pawelka [31] and by Koch [32] , respectively, assuming the existence of only one type of the complexes. More thorough in vestigations using vapour pressure [33] , NMR [34] and also Potentiometrie experiments [21, [35] [36] [37] have shown that both complexes coexist in aqueous silver salt solutions of AN. The corresponding stability constants are listed in Table 2 together with results of the present investigation. The agreement is much better than one would expect considering the different concentration ranges and ionic strengths.
In the Potentiometrie studies, different extrathermodynamic assumptions have been applied in order to present changes in EMF or corresponding free energies of transfer which depend only on the preferential solvation of Ag+. Manahan and Iwamoto [35] assumed the liquid junction potential to be constant during Potentiometrie titrations, i.e. independent on changes in mole fraction, and Koepp et al. [37] measured the potential of the Ag/Ag+ electrode against a ferrocene-ferricinium ion electrode, whose standard potential is presumed to remain constant independent of the solvent. The derivation of formation constants from CH3I3CN NMR chemical shifts by Fromon et al. [34] was only possible when the intrinsic chemical shifts of the two acetonitrile molecules in Ag(AN)t were taken to be equal to the chemical shift in Ag(AN)+.
In the treatment of the 109Ag NMR chemical shift data presented in this paper individual cationic chemical shifts of the species Ag(AN)+ and Ag(AN)2 could be derived in addition to the equilibrium constants, because of the large variation in resonance frequency of the i09Ag nucleus on changes in the environment of the ion. On the other hand, this sensitivity is the reason why in mixtures of water and acetonitrile at high mole fractions Âan, the influence of a so called secondary solva tion is observed, which concerns more than the two dominating solvating molecules.
Previous workers have plotted functions of the chemical shift against either mole fraction or volume fraction or activities of the solvent compo nents [22, 37a. 37 b, 41] in order to determine equilibrium constants for ion solvation in mixed solvents. In the present treatment of the I09Ag NMR chemical shifts both, mole fraction and solvent activities have been used in the calculation of A Gt°r (Ag+. W AN) = -2.3 R T log (A, K2) . (10) A comparison of the zlGt 0 r values calculated from ]09Ag shifts with (10) shows that the calculations based on the mole fraction representation are in excellent agreement with the AG® data from other experiments. In addition they are consistent with transfer-free energies for Ag+ from water to pure AN, which were determined independently using various extra-thermodynamic assumptions. From the numerous experiments done in this system only few recent results shall be quoted: AG t 0r = -21.8 kJ/mol (Ph4AsBPh4 assumption) [38, 39] , AGir = -22.8 kJ/mol (ferrocene-ferricinium ion as sumption) [40] . Obviously the contribution of higher solvation to the free energy is of little con sequence. The comparison of equilibrium constants and transfer-free energies from different studies has shown that the utilization of the mole fraction in the treatment of the chemical shift data is more appropriate than taking into account solvent activities. This result is supported by the more monotonous variation of the calculated chemical shift (dashed curve in Fig. 5b) and by experiments and calculations of Covington et al. [22, 41] . They have found that the ratio of solvent activity coeffi cients of molecules pertaining to the bulk and to the solvation shell is for one component compensated by the corresponding ratio for the second compo nent and corresponds to (9) when the properties of the various solvates of an ion are related by statistical requirements.
Since K\, K2 and d, correspond within 15%, 17% and 37%. respectively, to values calculated with K/.stat=(^i K2) U1-( 3 -I )/I , /= 1.2,
<5|,stat = T < *2
which are based on a statistical distribution of the solvated species and the additivity of the shielding contributions [41] , the success of taking into account only the mole fraction is reasonable. Resolvation equilibria of Ag+ have been deter mined by Potentiometrie measurements only in Pypropylene carbonate mixtures [42] . It is known for a long time that A gN 03 in pyridine forms a solvate [43] and spectroscopic studies have shown the existence of a strongly coordinated complex Ag(Py)t in aqueous pyridine solution [44] , The equilibrium constants for the solvation of Ag+ in aqueous pyridine calculated from l09Ag NMR chemical shifts are given in Table 2 . They are much larger than those for acetonitrile. but also here K,, K2 and ö\ are within 15%, 18% and 1%, respectively, in agreement with statistical values calculated from (11) and (12). The free energy of transfer of Ag+ from water to pyridine, which is calculated (10) using the mole fraction dependent constants is in good agreement with A = -46 kJ/mol deter mined by Mukherjee [45] . To obtain this value, they have done Potentiometrie measurements and applied the ferrocene-ferricinium ion assumption. Also in this solvent system the constants have been calculated from 109Ag chemical shifts in a restricted mole fraction range, but the effect of secondary solvation on AG[3 r is of little importance just as in the acetonitrile system.
The interpretation of the results on the solvation of Ag+ in mixtures of water and DMSO is less straight forward than that for aqueous solutions of acetonitrile and pyridine, because different experi mental studies show a more complicated behaviour and to some extent lacking agreement. A bisdimethyl sulfoxide complex of AgC104 has been prepared and analyzed by X-ray diffraction [46, 47] , In the crystal of Ag(DMS0)2C104, the silver ion is coordinated to four DMSO molecules. This is also likely to be the case in water-DMSO solutions, because in acetone-DMSO and nitromethane-DMSO mixtures, the silver ion is found to be surrounded by four DMSO molecules [48] . How ever, in aqueous DMSO solutions of AgN03, the NMR chemical shifts of water protons and of DMSO protons change only insignificantly with solvent composition at mole fractions ^DMso = 0.2 [49] , Only at higher concentrations of DMSO, the chemical shift variation is as pronounced as it cor responds to the preferential solvation of Ag+ by DMSO. The indifference of Ag+ towards DMSO in aqueous mixtures of mole fraction .YDMso = 0.2 and its selectivity for DMSO at higher mole fractions is observed also in the variation of the solvent trans ference number of Ag2S 04 and in the free energy of transfer of Ag+ with solvent composition [49, 50] , A further indication to the nonselective solvation of Ag+ in highly aqueous DMSO solutions is the result of a Potentiometrie titration of Ag+ with DMSO at ^dmso = 0.1, namely that no complexes with DMSO are formed in water [47] , However, Cox et al. [21] have determined four equilibrium constants from the transfer-free energies of Ag+ from water to water-DMSO mixtures up to pure DMSO using as extra-thermodynamic assumption the negligibility of the liquid junction potential. These constants are, when solvent concentrations are replaced by their activities, log A, = 2.24, lo g £ 2= 1.69, log K3= 1.13 and log K4 = 0.57. Thus the free energy of transfer from water to DMSO of A Gt°r = -2.3 RTlog (K\K2 K3 K4) = -32.3 kJ/mol is in excellent agreement with results based on other extra-thermodynamic assumptions: AGt°r = -33.5 kJ/mol (Ph4AsBPh4 assumption) [38, 39] , and A Ct°r = -32.5 kJ/mol (ferroceneferricinium ion assumption) [51] . However, much smaller transfer-free energies follow from the two sets of equilibrium constants for Ag+ solvation in water-DMSO (Table 2 ), although they both re produce excellently the experimental chemical shifts throughout the whole mole fraction range. No indication of higher solvation could be observed, and an attempt to change the coordination number and to analyze the 109Ag chemical shifts with a model where each water molecule in Ag(W)2 is replaced simultaneously by two DMSO molecules failed, because a much more unfavourable standard deviation resulted.
Since in water-Py and water-AN mixtures the resolvation constants derived from electrochemical and from 109Ag NMR experiments are in good agreement, the unexpected discrepancy in water-DMSO points to specific properties of Ag+ in this solvent system. There is a difference in the inter action of Ag+ in aqueous solution with nitrogen (Py, AN; backbonding) on one hand and with oxygen on the other, which may help in explain ing why in highly aqueous solutions no complexes of Ag+ with DMSO [48] , dimethylformide [52] and hexamethylphosphotriamide [53] have been detected in Potentiometrie studies although the solvation of Ag+ in these solvents alone is much stronger than in water. This change in selectivity of Ag+ from hydration to solvation by DMSO at low mole fractions has in fact not been observed as an inflection point in the chemical shift variation, but whether this behaviour is responsible for the low resolvation constants shall be investigated in further NMR studies on Ag+ solvation by polar molecules with an oxygen donor site.
